Usher syndrome (USH) is a genetically heterogeneous disease with autosomal recessive deafness and blindness. Gene therapy is under development for use in the most common genetic variant of USH1, USH1B, which is caused by mutations in the MYO7A gene. This study was undertaken to identify an imaging method for noninvasively monitoring the RPE component of the USH1B disease. METHODS. NIR-autofluorescence (NIR-AF) was examined in USH1B patients with scanning laser ophthalmoscopy, and retinal thickness with spectral-domain optical coherence tomography. Myo7a-null mouse retinas and purified RPE melanosomes were analyzed by spectral deconvolution confocal microscopy. RESULTS. In USH1B patients, NIR-AF was normal in regions of retained photoreceptors and abnormal in regions lacking photoreceptors. Subtle changes in NIR-AF were associated with intermediate photoreceptor loss. In ex vivo mouse retinas, the NIR-AF source was traced to the melanosomes in the RPE and choroid. Purified RPE melanosomes emitted the same signal. Fluorophores, excited by long-wavelength light, were evident throughout the apical RPE of WT mouse eyecups. In Myo7a-null eyecups, these fluorophores had a more restricted distribution. They were absent from the apical processes of the RPE, thus correlating with the melanosome localization defects described previously by conventional microscopy. CONCLUSIONS. The data indicate that melanosomes in the RPE and choroid are the dominant source of NIR-AF from the posterior region of the eye. NIR-AF is a novel tool that provides sensitive and label-free imaging of the retina and RPE and is currently the only melanosome-specific, noninvasive technique for monitoring RPE disease in new therapeutic initiatives for retinal degenerations. (Invest Ophthalmol Vis Sci. 2009;50: 4386 -4393)
V ision loss in human hereditary retinal degenerations (RDs) is caused mainly by mutations in genes expressed in the photoreceptors, the retinal pigment epithelium (RPE), or both. In the Usher syndromes (USH), mutant genes also lead to inner ear dysfunction and cause debilitating bisensory disease. The success of human gene therapy in retinas of patients with LCA [1] [2] [3] [4] has paved the way for the application of this technique to other blinding disorders, such as the most common form of USH type 1, USH1B, which is caused by mutations in the myosin VIIa (MYO7A) gene. 5, 6 MYO7A is an unconventional myosin motor protein expressed both in retinal photoreceptors and the RPE. 7, 8 In photoreceptors, MYO7A appears to participate in opsin transport through the cilium, whereas in the RPE, one of its functions is in the movement of melanosomes. 9, 10 Whether gene therapy of USH1B 11, 12 targets photoreceptors or RPE, or both, there is a need to monitor RPEmelanosome disease independent of photoreceptor disease and vision.
RPE forms a thin monolayer between the photoreceptors and their blood supply, the choroid. 13 Noninvasive evaluation of RPE health have depended on the lipofuscin granules found within these cells. 14, 15 Lipofuscin is a lipid and protein aggregate containing several distinct fluorophores that produce yellow-orange emission spectra when excited by blue light. 14 -16 Noninvasive imaging methods that take advantage of the autofluorescence (AF) of lipofuscin have enabled mapping and quantification of RPE disease and its progression in living human eyes with retinal degenerative diseases. 15, [17] [18] [19] [20] However, conventional lipofuscin imaging involves bright short-wavelength illumination that may accelerate the natural history of RDs 21 and possibly complicate outcomes of a clinical trial. Reduced short-wavelength illuminance methods are being developed. 20 RPE cells also contain abundant intracellular pigment granules, which correspond to the last stage of melanosome maturation-a process that starts early during gestation and is practically complete before 2 years of age in humans. 22, 23 Melanosomes in the RPE are thought to play a protective role by absorbing radiation, scavenging free radicals and quenching excited molecular states. 22, 24 Alternatively or additionally, melanosomes could mediate light-induced toxicity in the RPE. 25 They may also contribute to protein degradation after the phagocytosis of outer segment disc membranes. 22, 26 Until recently, only indirect methods were available for imaging the abnormalities of melanin, based on absorption and scattering properties. [27] [28] [29] [30] Recently, a novel AF signal has been observed by noninvasive imaging of living human eyes with near-infrared (NIR) excitation light. 20, [31] [32] [33] [34] [35] [36] [37] [38] It has been speculated that melanosomes contribute to the NIR-AF signal, but the validity of this hypothesis or the extent of the contribution from different fluorophores has not been defined. In the present study, AF imaging was used in USH1B patients and in Myo7a-null shaker1 mice. The results identify melanosomes of the RPE and choroid as the endogenous fluorophores that give rise to the NIR-AF signal and set the stage for further development of NIR-AF imaging to define and monitor subtle melanosome abnormalities in the RPE before and after therapeutic interventions.
MATERIALS AND METHODS

Human Subjects
Patients with USH1B (i.e., with MYO7A mutations) were included. 6, 30 Subjects P1, P2, and P3 in the current paper correspond to F5,P2, F3,P1, and F14,P1, respectively, in Jacobson et al. 6 Informed consent was obtained; procedures adhered to the Declaration of Helsinki and received institutional review board approval.
Autofluorescence (AF) Imaging with the Confocal Scanning Laser Ophthalmoscope (CSLO)
En face AF imaging was performed in living human eyes with CSLO (HRA2; Heidelberg Engineering GmbH, Heidelberg, Germany) with NIR excitation light at 790 nm and a long-pass blocking filter that allowed detection of fluorescence emissions of Ͼ810 nm. 20, [33] [34] [35] The power of the NIR light measured at the cornea was 2.5 mW. The high-resolution mode of the angiograph was used where 30°ϫ 30°of retina is sampled onto a 1536 ϫ 1536-pixel, image and 25-frame video sequences were obtained at the rate of 4.7 Hz. Detector sensitivity was set to 95%. The images were exported from the manufacturer's software and analyzed as described. 20, [33] [34] [35] NIR-AF signal intensity was measured along a 30-pixel-wide (176-m) profile passing through the foveola and the center of the optic nerve head. Microscope slides with purified melanosomes were imaged with the use of an additional 20-D lens at a working distance of ϳ10 mm using a focus setting of 52 D. A 15°setting was used at 768 ϫ 768-pixel resolution spanning a field of view of ϳ5 mm. Off-axis imaging was used to avoid specular reflections from the cover slide. One hundred consecutive frames were obtained and averaged to increase signal to noise ratio.
Cross-sectional Imaging with Optical Coherence Tomography (OCT)
Retinal cross sections were obtained with spectral-domain (SD) OCT imaging (RTVue-100; Optovue Inc., Fremont, CA). The principles of the method and our recording and analysis techniques have been published. 6, 34, 35, 39, 40 Briefly, overlapping OCT scans that were 4.5 mm in length were used to cover the horizontal and vertical meridians up to 9 mm eccentricity from the fovea. At least three OCT scans were obtained at each retinal location. Dense, overlapping SD-OCT raster scans (101 raster lines of 512 A-scans each covering 6 ϫ 6 mm) were performed to sample an 18 ϫ 12-mm region of the retina centered on the fovea. Postacquisition processing of OCT data was performed with custom programs (MatLab ver. 6.5; MathWorks, Natick, MA).
Animals
Shaker1 mice carrying the 4626SB allele, an effective null mutation of Myo7a, 41, 42 were backcrossed onto the C57BL/6 genetic background and genotyped as described. 9, 43 Albino C57Bl/6J-Tyr c-2J (Jackson Laboratories, Bar Harbor, ME) mice were used as a strain-matched nonpigmented control. All animals were 2 to 3 months old and were maintained on a 12-hour light/12-hour dark cycle, with exposure to 30 to 80 lux of fluorescent lighting during the subjective daytime. Shaker1 homozygous mutants were also distinguished from heterozygous controls by their hyperactivity, head-tossing, and circling behavior. All procedures conformed to institutional animal care and use authorizations and were in accordance with regulations established by the National Institutes of Health and the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research.
Preparation of Whole-Mount Eyecups
Enucleated globes from adult pigmented and albino mice were dissected on ice in Ringer's buffer (130 mM NaCl, 3.6 mM KCl, 2.4 mM MgCl 2 , 1.2 mM CaCl 2 , 10 mM HEPES with KOH [pH 7.4], and 20 mM EDTA). Eyecups (the posterior hemisphere) were flattened by making incisions around the rim, and placed on poly-L-lysine-coated microscope slides with the neural retina uppermost. A thin rim of silicon sealant was placed around each eyecup, which was then mounted in PBS and 1% glycerol, with an optical coverslip. Eyecups were then used immediately for microscopy.
Histology and Immunofluorescence Labeling
Eyes for cryosectioning were immersion fixed in cold (Ϫ20°C) 90% methanol/10% MES (100 mM MES, 1 mM EGTA, 1 mM MgSO 4 [pH 6.9]), rehydrated in PBS and then processed, cryosectioned, and mounted as described previously. 10 Incubation of the retinal sections in 0.1% sodium borohydride in PBS was omitted to prevent quenching of autofluorescence.
Eyecups for immunolabeling were dissected as described earlier, then fixed by immersion in cold 90% methanol/10% MES buffer, rehydrated in 1% goat serum in PBS, and detergent treated with 1% saponin (Sigma-Aldrich, St. Louis, MO) in PBS. They were incubated overnight at 4°C with the affinity-purified MYO7A antibody pAb2.2 8 diluted in blocking buffer (0.1% saponin, 1% goat serum in PBS), followed by 1 hour at room temperature with Alexa Fluor 594 goat anti-rabbit secondary antibody (Invitrogen, Carlsbad, CA), diluted 1:1000 in blocking buffer. Fluorescent probes against filamentous actin (FITC-phalloidin 1:200; Invitrogen) and DNA (DAPI, 1:10,000 Molecular Probes) were included with the secondary antibody incubation. Labeled eyecups were flat mounted (Mowiol; Calbiochem, San Diego, CA), as described earlier.
Purification of Melanosomes from Mouse RPE Cells
Sheets of RPE cells were isolated from heterozygous shaker1 mouse eyes as described previously, 43 pooled, and stored at Ϫ80°C until needed. Highly enriched melanosome fractions purified from RPE sheets were obtained by sequential centrifugation and purification over a 50% iodixanol cushion (Optiprep; Sigma-Aldrich), as described previously. 10, 26 The highly-enriched melanosome pellet was resuspended in PBS, mounted on a microscope slide, and either used immediately for microscopy or sealed with varnish and shipped to the other laboratory.
Autofluorescence and Spectral Deconvolution Confocal Microscopy
Multispectral autofluorescent and immunofluorescent datasets were collected from whole-mount eyecups, retinal cryosections, and enriched melanosome fractions by using the 63ϫ oil, plan apochromat, 1.4-NA objective on a spectral deconvolution scanning laser confocal microscope (model FV1000; Olympus, Lake Success, NY), equipped with violet diode (405 nm), argon-ion (457/488/514 nm), krypton-ion (563 nm), and helium-neon ion (633 nm) lasers. Four independent photomultipliers (PMTs) were used for detection of emission spectra. Laser intensity, pinhole diameter, PMT gain, PMT black level, scan speed, and image size were constant for each excitation wavelength between experiments. Laser irradiance levels at the plane of the sample were: 2.5 (405 nm), 1.4 (488 nm), 6 (633 nm), and 1.5 (563 nm) mW. Acquisition was controlled via the integrated software (FluoView; Olympus) software.
AF datasets were acquired at 633-nm excitation, and emission spectra were collected at 10-nm intervals between 700 and 800 nm, using the scan function in blind mode. This spectral deconvolution function utilizes calibrated diffraction gratings to provide a variable band-pass emission filter with 2-nm spectral resolution. AF datasets were acquired at 488-nm excitation and emission spectra collected between 500 and 600 nm, 600 and 700 nm, 700 and 800 nm, or 730 and 760 nm. In both cases, emission spectra were collected at wavelengths sufficiently distant from the excitation light to prevent contamination of the emission signals by reflected excitation light. Emission spectra from fluorescent probes were acquired sequentially using the 
RESULTS
In Vivo Topography of Retinal Disease and NIR-AF in Patients with USH1B
Results from three representative patients with USH1B demonstrated NIR-AF signal topography at different disease stages compared with that in a normal subject (Figs. 1A-D) . P1 at age 21 had the mildest disease, with a large expanse of central retina showing an NIR-AF signal distribution that was qualitatively similar to that of the 24-year-old normal subject (Figs. 1A,  1B ). There was a bright region of higher NIR-AF signal intensity corresponding to a 2-to 3-mm diameter region centered on the fovea surrounded by a lower intensity signal extending across the macula. 20, 31, 36, 38 Cross-sectional imaging showed normal lamination of the retina (Figs. 1A, 1B, insets) . In P1, retinal degeneration and consequent loss of visual function was apparent nasal to the optic nerve head and at eccentricities greater than ϳ4 to 5 mm from the fovea (Fig. 1B, arrowheads) . P2 at age 11 shows a central region of higher NIR-AF signal surrounded by a lower signal region (Fig. 1C) . The ellipsoid boundary apparent on NIR-AF corresponded to the transition zone between detectable and undetectable outer photoreceptor nuclear layer (ONL) thickness apparent on cross-sectional imaging (Fig. 1C, inset) . P3 at age 61 demonstrated a more severe stage of USH1B retinal disease. Low NIR-AF signal, forming the background of the image, was interrupted by dark vessels displaying a choroidal pattern (Fig. 1D) . Cross-sectional imaging showed a delaminated retina with little evidence of photoreceptors and a substantial increase in choroidal penetration of the NIR scanning light (Fig. 1D, inset) .
NIR-AF signal was quantitatively compared to normal results along a linear profile crossing through the foveola and the center of the optic nerve head (Fig. 1E) . The profiles of P1 and the normal subject had similar shapes and there was no statistically significant reduction in signal intensity. ONL thickness was within normal limits in P1 and the normal subject across the central region examined (Fig. 1F) . In P2, the NIR-AF signal was normal in the central ϳ4-mm diameter region. Surrounding this region, P2 signal intensities were at or below the lower limit of normal. The ONL thickness in P2 was normal only for the central ϳ2-mm-diameter region surrounded by an abnormally reduced region. Throughout the central retinal region of P3, NIR-AF signal was abnormally reduced; ONL thickness was reduced to the detection limit of the instrument. These results suggest that significant reductions in NIR-AF intensity colocalize with severe degeneration of photoreceptors in USH1B. The contrast between healthier and more degenerate retinal regions may depend on the signal intensity originating from the choroid, which is thought to correlate with iris color.
31
Ex Vivo NIR-AF Imaging of Mouse Retinal Sections
Pigmented (C57BL/6) and albino (C57BL/6 tyr/tyr ) mouse eyecups were imaged from semithin cryosections with a spectral deconvolution scanning laser confocal microscope (SDCM) and the 633-nm laser line for red excitation of endogenous fluorophores. AF(ex.633) images of the resulting emission spectra were collected at 10-nm intervals from 700 to 800 nm. In pigmented retinal sections, AF(ex.633) was detected between 730 and 760 nm and localized to the RPE and choroid, as identified by simultaneous DIC imaging ( Fig. 2A-C) . The AF emission between 730 and 760 nm was reduced greatly in regions of the RPE and choroid containing densely packed melanosomes, suggesting that much of the emission signal was quenched. Since melanosomes absorb ϳ790-nm light (see Figs.  1, 4) , AF emitted from 633-nm excitation could therefore be absorbed by neighboring melanosomes, so that it is likely that the total melanosome-specific AF is significantly underestimated by these imaging conditions. No significant AF(ex.633) originating from the RPE, choroid, or neural retina was detected at the other emission wavelengths (Supplementary Fig.  S1 ; all Supplementary Figures are online at http://www.iovs. org/cgi/content/full/50/9/4386/DC1). SDCM imaging of albino retinal sections under identical conditions did not demonstrate any detectable AF in either the RPE/choroid or the neural retina at 730 to 760 nm (Figs. 2D-F) or any of the other emission wavelengths measured (Supplementary Fig. S1 ). Highmagnification SDCM of pigmented RPE (Figs. 2G-I ) was used to demonstrate that the AF(ex.633) signal localized to individual melanosomes, identified by concurrent wide-field differential interference contrast (DIC) imaging.
To define the emission spectrum of the AF(ex.633) signal better, we plotted the average fluorescence intensity from the RPE layer as a function of emission wavelength from pigmented and albino RPE SDCM datasets (Fig. 2J) . Differences in nonspecific autofluorescence between retinal sections, resulting from variations in sample processing were controlled for by subtraction of the average background autofluorescence, directly measured from a region of each retina (the inner plexiform layer) without any melanosomes or known autofluorescent granules present. In pigmented RPE, a major emission peak was identified at 730 to 740 nm with a minor peak at 750 to 760 nm; both peaks were absent from albino RPE. Note that nearly all the melanosomes in the RPE of adult pigmented mice are mature (stage IV), and thus contain melanin; whereas, in albino RPE, lack of tyrosinase activity arrests melanosome biosynthesis before the deposition of the melanin pigment, so that only premelanosomes are present. 23 These results demonstrate that the novel fluorophores identified by AF(Ex.633) imaging require melanin biosynthesis and specifically colocalize with melanosomes, but not with premelanosomes, or other organelles in pigmented RPE.
Melanosome versus Lipofuscin Autofluorescence
For a comparison of the autofluorescence properties of melanosomes with that of lipofuscin, SDCM images were obtained sequentially from the same sections using 488-and 633-nm excitation (Fig. 3) . AF emissions with 488-nm excitation, AF(ex.488), were measured over a wide spectrum from 500 to 800 nm and contrasted to emissions with 633-nm excitation, AF(ex.633), over 730 to 760 nm. The maximum AF(ex.488) signal was detected between 500 and 600 nm, predominantly in the RPE and the photoreceptor outer segments (OS; Fig. 3A , Supplementary Fig. S2 ). This result is in agreement with previous reports describing AF(ex.488) of lipofuscin peaking between 500 and 600 nm. 15, 44, 45 AF(ex.488) intensity at 600 to 700 nm was detectable but significantly lower (Fig. 3B) , consistent with a previous report. 46 Of importance, AF(ex.488) at 700 to 800 nm was reduced to 5% of the emission maximum in the RPE (Fig. 3C) and 2% in the neural retina ( Supplementary  Fig. S2 ). No significant AF(ex.488) signal was detected over the 730 to 760-nm emission range (Fig. 3D) , in striking contrast to the strong AF(ex.633) signal emanating from the RPE and choroid (Fig. 3E) . Although the AF(ex.488) signal at 500 to 600
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Melanosome-Specific Autofluorescence 4389 nm showed some overlap with the AF(ex.633) signal at 730 to 760 nm, in the RPE, the two are clearly distinct (Fig. 3F) . The peak AF(ex.633) is localized to populations of melanosomes in the RPE (most evident apically) and choroid. In contrast, peak AF(ex.488) was found predominantly in the RPE cell body and photoreceptor OS. AF(ex.488) did not localize with melanosomes in the RPE and was absent from the heavily melanized choroidal layer at all emission wavelengths measured, indicating that AF(ex.633) signals represent novel fluorophores specific to melanosomes in the RPE and choroid and are not a result of cross-talk from lipofuscin AF.
NIR-AF Imaging of Purified Melanosomes
To address the specificity of red-and NIR-AF signals, highly enriched fractions of melanosomes, isolated from purified sheets of C57BL/6 RPE, were imaged. The purification method results in an almost pure population of predominantly mature melanosomes with only minor contamination from nuclei, mitochondria, and endosomes/lysosomes. 26 Isolated melanosomes demonstrated strong AF(ex.633) between 730 and 770 nm that was specific for melanosomes identified morphologically by concurrent DIC imaging (Figs. 4A-C) . The AF was significantly less at wavelengths below and above this emission band (Supplementary Fig. S3 ).
For a comparison of the NIR-AF signals collected in vivo with 790-nm excitation, using CSLO, and ex vivo with 633-nm excitation, using SDCM, the same regions of a microscope slide were imaged with both systems at equivalent magnification. Identical clusters of melanosomes showed AF signal with both imaging systems, despite the differences in the wavelength of the excitation light and spectral bands of the collected emission (Figs. 4D-F, 4G-I ). These red-and NIR-AF signals were also exceedingly stable, surviving extended illumination on both systems, as well as transport between our laboratories. Taken together with the data obtained from retinal sections (Figs. 2-3 ), these results demonstrate that melanosomes are both necessary and sufficient for NIR-AF in RPE cells, and indicate that they are the predominant fluorophores across a relatively broad excitation and emission range, with no significant contribution from other cellular components, including lipofuscin granules or A2E. Thus NIR autofluorescence microscopy provides sensitive and label-free chemical contrast, specific to melanin granules in mature melanosomes.
Detection of Melanosome Position Defects in
Myo7a-Shaker1 Eyecups
Next, we tested whether AF(ex.633) imaging in shaker1 mouse eyecups would provide sufficient resolution to detect the previously described altered distribution of RPE melanosomes. In shaker1 RPE, the melanosomes are absent from the apical processes, being restricted to the cell body.
9,10 Three-dimensional multispectral SDCM imaging was performed on wholemount eyecups, isolated from pigmented shaker1 and control littermates. In both control and mutant RPE cells, F-actin was distributed normally. Optical sections through the apical re- gion showed FITC-phalloidin labeling of the apical processes. The melanosome-specific AF(ex.633) was present as discrete puncta in the RPE cell layer of control and mutant wholemount preparations, and was absent from the adjacent neural retina. However, in optical sections of the RPE apical processes, it was much more evident in control than in mutant RPE (Figs. 5A , 5B). Three-dimensional reconstruction of the apical RPE showed more clearly that, in the mutants compared with controls, the AF(ex.633) signal was absent from the apical processes, which are indicated by the F-actin fluorescence.
Instead it was present along the bases of the processes (Fig. 5C,  5D ). Quantitative image analysis measuring the peak fluorescence intensity for each channel at each optical section through the RPE layer also identified a significant basal shift in the AF(ex.633) signal in mutants relative to controls, whereas the fluorescence intensity profiles for F-actin were comparable between mutant and control samples (Figs. 5E, 5F ). These results agree with the hypothesis that AF(ex.633) between 730 and 760 nm is highly specific for melanosomes in the RPE and can be used effectively to detect defects in the localization of melanosomes without prior labeling.
Imaging NIR-AF in Conjunction with Fluorescently Labeled Proteins
The successful use of AF(ex.633) to identify melanosomes relative to F-actin in whole-mount eyecups with SDCM suggests that this approach could be used with a variety of different fluorescent probes. We therefore imaged whole-mount eyecups that had been colabeled with probes for F-actin (FITCphalloidin), nuclei (DAPI), and anti-MYO7A (pAb2.2/Alexa594). Images of RPE cells showed that no significant fluorescence cross-talk was evident among the different fluorophores ( Supplementary Figs. S4A-D) . Hence, AF(ex.633) would be useful for confocal multispectral imaging of multiple cellular probes in conjunction with melanosomes, where the choice of antibodies and exogenous fluorophores may be limited, and where transmitted-light imaging of melanosomes cannot be used (such as in whole-mount preparations).
DISCUSSION
There is a long history of investigation of the role of RPE in the visual process and its relationship with neighboring photoreceptors. 47 Basic science has continually refined our understanding of the RPE, but noninvasive assays of RPE integrity or health in a clinical setting have been mainly limited to lowmagnification anatomic description using ophthalmoscopy and angiography, and functional testing by stimulation of the entire eye. 47 With identification of the molecular basis of human ocular diseases has come the prospect of increased understanding of pathogenic mechanisms and treatment of previously incurable human hereditary retinal degenerations. [1] [2] [3] [4] It is also now possible to make cellular-level measurements of the neural retina with state-of-the-art imaging methods, 48 -51 but there are very few methods available for in vivo evaluation of individual or groups of RPE cells despite the fact that RPE health is absolutely necessary for the survival of neighboring retinal photoreceptors. 13 RPE health can be studied with conventional AF imaging using short-wavelength excitation light that takes advantage of the endogenous lipofuscin fluorophores. 15, 18 In vivo images of individual RPE cells have been obtained by combining adaptive optics with AF imaging, but the safety of short-wavelength excitation is a concern, 21, 52 especially in diseased retinas. 53, 54 Longer wavelength light has a better safety profile, 21 and backscatter intensity 29, 30 or polarization properties 55 of NIR light have been used to obtain nonspecific information on RPE health.
A combination of NIR excitation and AF imaging was recently developed. 20, 31, 32 Endogenous fluorophores contributing to the NIR-AF signal have been postulated to include melanin and melanolipofuscin granules, 20, 31, 32, 36 but fluorescence emissions beyond 700 nm have never been evaluated directly in the neural retina, RPE, or choroid. RPE melanosomes are known to demonstrate only very faint autofluorescence emissions in visible wavelengths (400 -700 nm) when excited by short-wavelength (300 -500 nm) light. 56 Cutaneous melanin, however, does show an NIR-AF signal. 57 A major finding in the present study was the specific attribution of NIR-AF signal to ocular melanosomes in the RPE and choroid. We demonstrated the important finding that lipofuscin granules of the RPE and many other potential fluorophores of the neural retina or the RPE did not contribute detectably to the NIR-AF signal. Thus, NIR-AF imaging can now be added to the limited armamentarium of in vivo methods for the direct and melanosome-specific evaluation of RPE health.
Several molecularly characterized human retinopathies investigated thus far have demonstrated RPE abnormalities corresponding to abnormally high or low NIR-AF signals. 20, [33] [34] [35] The present work in human USH1B represents the first investigation of a potential bicellular molecular defect in the photoreceptors and the RPE. 9, 10, 42, 43 The ex vivo detectability of defective melanosome localization in the apical RPE of Myo7a-null mice attests to the potential sensitivity of the NIR-AF imaging to earliest stages of RPE disease. Assuming that the Melanosome-Specific Autofluorescence 4391 mutant phenotypes in mouse retina are faithfully represented in human USH1B, our finding of apparently normal NIR-AF in patients at early stages of USH1B disease signals the need for future investigation with advancement of techniques. One possibility may be to include a combination of adaptive optics technology with NIR-AF for cellular-level imaging with subcellular organelle specificity. In the meantime, longitudinal evaluation of different parameters of RPE disease progression with the currently available NIR-AF imaging is likely to be useful for therapeutic interventions intended to modify the natural history of retinal degenerative diseases.
